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% 312-A IMPEDANCE BRIDGE 


Featuring 


* PRECISION 

* DIRECT READING 
* WIDE RANGE 

* SOLID STATE 

* SMALL SIZE 

* PORTABILITY 

| * ELECTRONIC NULL 
scum? }) oe BATTERY or A.C. 
* LOW PRICE 


ACCURACY | 095% ter resistance 


The BECO 312-A Impedance Bridge includes several outstanding features which make 
it the best universal impedance bridge available. The electronic null detector for D.C. 
resistance measurement permits .o5% accuracy throughout the range of the bridge. 
The automatic placement of the decimal point in the readout completely eliminates 
the need for calculation during measurements. The sensitivity of the A.C. null detector 
is sufficient to permit fast measurements as small as one-tenth of a picofarad or less. 
BECO manufactures the precision resistors, precision capacitors and precision poten- 
tiometers used in the Bridge, and the resistance, capacitance and inductance standards 
used for calibration of the instrument are all certified against Bureau of Standards 
measurements. BECO instruments are sold throughout the United States and Canada 
by leading sales representatives. Our field office near you would be pleased to arrange 


a demonstration. 


BROWN ELECTRO-MEASUREMENT corp. a 


827 7th AVENUE, KIRKLAND, WASHINGTON 98033 VA 2-2211 


CGO) TYPE 312-A 


RANGES & ACCURACY: 
Resistance: 1 milliohm to 12 megohms in 7 ranges. 
Accuracy + (.05% + .001 ohm) 


Capacitance: 0.1 picofarad to 1200 microfarads in 7 
ranges. 
Accuracy + 0.2% 


Inductance: 0.1 microhenry to 1200 henrys in 7 ranges. 
Accuracy + 0.3% 


Dissipation Factor (D): .001 to 1.000 at 1 kilocycle. 
Accuracy + (2% + .005) 


Storage Factor (Q): 0.1 to 1000 at 1 kilocycle. 
Accuracy + (2% + .005) 


BRIDGE STANDARDS: 


The wirewound resistors are of low temperature co- 
efficient and are carefully designed for accuracy and 
stability. The mica capacitance standard is a _ her- 
metically sealed unit stabilized and adjusted to better 
than 0.1% accuracy. 


BRIDGE CIRCUITS: 


The Wheatstone bridge is used for both D.C. and A.C. 
resistance measurements, Capacitance is measured in 
terms of a standard capacitor and precision resis- 
tors connected in a four arm bridge network, with 
provisions for either series or parallel measurements. 
Both the Maxwell and Hay bridge networks are used 
for inductance measurements with their respective 
series or parallel methods. 


DETECTOR: 


A high gain transistorized amplifier with a frequency 
selective network is used to drive the panel meter for 
A.C. measurements. This same amplifier in connection 
with a photo chopper system is used without the fre- 
quency selective network when measuring D.C. resis- 
tance. The detector sensitivity is in the order of 10 
microvolts. 


GENERATOR: 


The 1 kilocycle A.C. generator is transistorized and 
uses a phase shift oscillator followed by a power 
amplifier and double shielded output transformer to 
minimize stray capacitance errors when coupling to 
the bridge networks. A highly insulated D.C. power 
supply is used to provide voltage for the Wheatstone 
resistance bridge, and automatic selection of the 
proper voltage is made for each range of measurement. 


REPRESENTED BY: 


IMPEDANCE BRIDGE 


SWITCHES: 


Silver alloy switches with high grade insulation and 
dependable ball detents are used throughout the instru- 
ment. All critical circuits use paralleled contacts. 


CONTROLS: 


Three decade switches plus an interpolating slidewire 
rheostat provide 5-place readout for all ranges of the 
bridge. The range switch automatically selects the 
decimal position for the decade reading and also in- 
dicates the type of measurement being made. Single 
knob control is provided for the D and Q balance. 
Another knob selects either the series or parallel 
method of measuring capacitance or inductance. Two 
coaxial controls select the type of generator output 
and the proper level. Another set of coaxial controls 
is provided to adjust the detector sensitivity and mode 
of operation. 


TERMINALS: 


Five pairs of heavy duty, 5 way, insulated binding 
posts are provided with a set each for External De- 
tector, External Bias, External Generator, Unknown 
RCL, and External D or Q. 


POWER SUPPLIES: 


115 or 230 volts A.C. 50 to 440 cycles, or the bridge 
may be ordered with an accessory NiCad battery pack. 
The charging system is an integral part of the power 
supply and the battery pack may be added at any time. 
A 6-foot, 3-wire power cord is supplied. 


CABINET: 


A heavy gauge aluminum cabinet and cover finished in 
a durable blue vinyl paint is used to house the instru- 
ment, and a comfortable carrying handle provides 
complete portability. 


DIMENSIONS: 
10-1/2” wide, 7-3/4” high, 8-1/2” deep, with cover. 


WEIGHT: 


10-3/4 pounds net. 13-1/2 pounds complete with do- 
mestic shipping container. 


ACCESSORIES: 


NiCad battery pack No. 312-2 providing up to 24 
hours of continuous service is available for operating 
the bridge where A.C. power cannot be used. 


PRICE: 


$470.00, f.o.b. Kirkland, (Seattle) Washington. 312-2 
battery pack $97.20, f.o.b. Kirkland, Washington. 


DATA SHEET B12-965 


BROWN ELECTRO-MEASUREMENT CORP. BC(0 
827 7th AVENUE, KIRKLAND, WASHINGTON 98033 VA 2-2211 
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WARRANTY 


BROWN ELECTRO-MEASUREMENT CORP. warrants each new 
instrument of its manufacture to be free from defects 
in material and workmanship. Our obligation under this 
Warranty, i Suelimited sco spepalring or replacing, sat our 
option, any instrument or part thereof except transistors, 
tubes, batteries, or fuses, which shall within one year 
after making delivery to the original purchaser be re- 
BUrncde ro, Ours aCuOMmy: OF OU nbactlory, Service repre- 
sentative, with transportation charges prepaid and 
which upon our examination shall prove to have been 
thus defective. 

BROWN ELECTRO-MEASUREMENT CORP. reserves the right 
to make changes in design on any instrument at any time 
without incurring any obligation to make such changes on 
inistruments previously sold. 

This warranty is expressed in lieu of all other 
obligations and liabilities on the part of BROWN ELECTRO- 
MEASUREMENT CORP., and BROWN ELECTRO-MEASUREMENT CORP. 
neither assumes or authorizes any other person to assume 
any other liability in connection with the sale of BECO 


instruments. 


SPECIFICATIONS 


RANGES & ACCURACY 

The accuracy of the bridge under normal conditions of 
operation, temperature, and humidity are given in the 
table below; 


Resistance: 1 milliohm to 12 megohms in 7 ranges. 
Accuracy +(.05% + .001 ohm) 


Capacitance 4.0 mepi Cor ata tr he Omi ice irek ectcl oa Lae 
/, ranges. 
Accuracy + 0.2% 
tnductance: *G@.) mircrohenry "to Fe ou0 henpys: ine. 


ranges. 
Accuracy + 0.3% 


Dissipation Factor (D)R Vy [001% to Wy, O00"ar l Kkislocycie. 
Accuracy 4+(2% 4+) .005) 


Storage: Pactorm(Q) 7) S01 itomEUOU tat aly k locum 
Accuracy ?+(2% "+ 2005) 
BRIDGE STANDARDS 
The wirewound resistors are of low temperature coefficient 
and are carefully designed for accuracy and stability. The 
mica capacitance standard is a hermetically sealed unit 


Stabilized and adjusted to better than 0.1% accuracy. 


GENERAL 

The BECO 312-A Impedance Bridge is a portable, self- 
contained instrument designed for use in electrical and 
electronic work where the value of resistors, inductors 
and capacitors must be measured accurately. The bridge 
is used to make direct measurement of RESISTANCE, CAPACI- 
TANCE, INDUCTANCE, DISSIPATION FACTOR UD Otmecapact roles 
Prec oTORACESPACTORMTO! sOLeincuctors.) Ihe, Model 312—f 
Impedance Bridge is a four-arm bridge of special design 
and is housed in an aluminum case which has a detachable 
lid and a carrying handle. 

AVieeconrLo | omcatee LOCa.Led and identified clearly on 
the front panel. The panel markings for these COnLrrous 


arewta sme t Ou Wil. 


(1) The GENERATOR switch with a coaxial level control. 


(2) The ZERO CHECK push button for checking the zero 
OL sieeve ee NUD OMe teCr. 

(2 neste Gee ADJUCTeCcOntrol= tor, zeroing thes NULe 
meter when the ZERO CHECK button is pushed. 

(A) The DETECTOR switch with a coaxial gain control. 

(5) The O or D BALANCE control. 

(6) The Q or D RANGE SWITCH. 

(7) The POWER switch. 

(8) The RCL RANGE switch. 

(9) The four controls across the bottom of the panel 
operating the readout decade. The first three 
[oss aneees readout decade controls are switches, 


SndmcbemsoU nthe wonton shands control., i acan 


interpolating rheostat with two decades of 
resistance. 

The GENERATOR control switch selects the internal 
1 Ke GENERATOR for A.C. measurements; the next position 
is EXTERNAL GENERATOR, which is required for making A.C. 
measurements at,other..than 1 Ke frequency: the mext 
position is D.C. GENERATOR, which connects the internal 
D.C. Supply, for measurement of | resistance urine, coaxial 
GENERATOR, devely control iS. Used!) tomoperateitthe oucpuLuo. 
the 1 Ke internal generator, and usable only in that 
position. 

The DETECTORS Switch) Nase an Ao posit ones eda en 
making 1000 cycle A.C. measurements with the bridge. The 
next, position is the EXTERNAL DETECTOR’ position, jwh2cn 16 
used in connection with a vacuum tube voltmeter or 
oscilloscope or some such method of detecting signals 
when the bridge is used at frequencies other than 1 Kc. 
The nexteposi tion one siiswi- Ch 1 oem Ce aoc ice 
position. This connects the NULL meter to the bridge 
circuit when measuring D.C. resistance with the bridge. 

The Q or D BALANCE control is used when measuring 
inductance or capacitance and in determining the loss 
factors of those measurements. 

The Q or D RANGE switch has multiplier positions 
for both -OQvand Dp. It eslso. has seposi ion) forse ooo 
EXTERNAL C standard and EXTERNAL Q-D rheostat necessary 


when measuring at other than 1000 cycles. 


The POWER switch has an OFF position, an A.C. POWER 
position, a BATTERY power position, a CHARGE, and a CHECK 
position. 

The RCL RANGE switch automatically selects and indicates 
in the window at the right-hand end of the readout decade 
the method of measurement and also the decimal position 
in that measurement. It automatically selects ohms, 
kilohms or megohms on the resistance range; microhenrys, 
millihenrys and henrys on the inductance range; microfarads, 
nanofarads and picofarads on the capacitance measuring range. 

TERMINALS - Five pairs of heavy-duty, S-way binding 
posts are located across the top of the panel. On the 
left—nand» side are the D.C. BIAS binding posts, next are 
the EXTERNAL GENERATOR terminals; next are the EXTERNAL 
O86 D RHEOSTAT terminals... Fourth are the EXTERNAL, DETECTOR 
terminals, and at the extreme right-hand side is the pair 
of terminals for the unknown connections of R, C or L. 

The D.C. BIAS terminals are used when it is necessary 
COwaDD ly sce DO lant zangmvolcagem Lo electrolytic ycapacitors:, 
or when it is necessary to apply a magnetizing current to 
an inductor for making incremental inductance measurements. 
These binding posts are also Ofeuse mneconcrollingethe 
internal bridge power supply when making measurements of 
very low wattage or special types of resistors. 

The D.C. BIAS terminals are in series with the internal 
power supplies, both A.C. and Dey of the bridge. 


The set of terminals used for EXTERNAL GENERATOR 


connections are used only when it is necessary to make 


measurements on inductors or capacitors at frequencies 
other than 1000 cycles. These terminals are used to con- 
nect to an audio oscillatorior A.C. generator of Simiisr 
type. Any connection to these terminals must be made 
through a shielded bridge coupling transformer in order 
to prevent errors. When making measurements of dissipa- 
paenerehindslevms ten vere ep 7 iy frequencies orhner thanviekc ites 
necessary to use an external variable resistor: 

The EXTERNAL Q & D RHEOSTAT terminals are used to 
connece, toUrthis* variable resistor. 

The EXTERNAL DETECTOR terminals are used to connect 
to a suitable detector for use at frequencies other than 
1 Kc when making special measurements. Any Suitable A.C. 
detector, such as an oscilloscope, a vacuum tube voltmeter 
or A.C. millivoltmeter may be used to connect to these 
detector terminals. 

The UNKNOWN RCL binding posts are used to connect to 
any resistor, Capacitor or inductor within the range of 


measurement of the bridge. 


Dre. 


Sue LONe Le OPERALLON 


RESISTANCE MEASUREMENTS 


aks, 


(2) 


3) 


(4) 
(5) 


G)) 


(ei) 


COpnee me aesDOWeI col ICOM Se VOlL aso UELO 440 
CVClC@hs ce SOULCe. | NOLe:, see Pigs is for 230 


VOlt operation. 


Connect the unknown resistor to the binding posts 


marked UNKNOWN RCL. 

ROteCes Cnc letTt=nand dialein thie DOLLOM crow to 
position 3 and set the other dials in that row 

to zero. 

PUR ec nem ONG Keo WMH tO athe Asc. pOstteLOr. 

Pilsie Chesser nOeCcOom, DULCOM and rotatemtne METER AD . 
knob until the NULL meter reads exactly zero. 
ReleosemrucmOuULLOMl. 

Rotate the RCL RANGE switch until the’ NULL meter 
MOMeC= eect Oso 2600.) NOtessihe resistance symbols 
must appear in the window when this dial is rotated 
and also there are three unmarked positions on this 
Switch which could give false readings. A negative 
reading on the NULL meter indicates that the bridge 
decade reading: 1s" toom low; as positive reading on 
the NULL meter indicates that the bridge decade 
Yeadi tig: isetoorhvgh. 

When the NULL meter reads negative, increase the 
value of the decade readout by progressively from 
left to right rotating the dials to a higher number. 


When the NULL meter crosses zero from negative to 


cone 


positive as the decade dials are rotated, the read- 
ing on that particular dial must be decreased by 
one position. Then go on to the next dial, and in 
turn adjust it until the meter again crosses zero 
and that dial then must be decreased by one pos- 
ition also. Go on to the third dial, repeating 
this, and repeat for each successive decade iit Ll 
the NULL: meter reads) zéro 7” The: bridges ts. then 
balanced for the unknown resistance, and the 
numbers above each dial indicate the proper reading. 
At the: right-hand end ofsthisvrowvor mumberc: wild 
be the proper term undér which the readout is 
indicated; for example, if the NULL meter balances 
atezero withthe (decade set tat i 093 tek von me ee 
reading would be 1,093.1 ohms; or, if the bridge 
balances on the lowest range on a reading of 0.0075 
ohms, the resistance of the unknown would be 745 


MLilionms: 


A.C. RESISTANCE MEASUREMENTS 


ake, 


Lap) 


(3) 


(4) 


Rotate’ the GENERATOR switch to 1 Ke and the 
DETEGTOR«SwWitChatow snc 

Connect the unknown resistor to the RCL binding 
Dosis 

set the left-hand readoutudialstoss and ithe rest 
of. the: readout .dials.to zero. 

Turn the GENERATOR level to maximum and adjust 
the DETECTOR gain control until the NULL meter 


reads approximately + 2. 


-8- 


(S) Rotate the RCL RANGE switch over the resistance 


Gy 
(2) 
(3) 


(4) 


Hengewunt mim cnewmerer wredds -chOoSsesretoszeno. 
Note: (The meter will not move across zero as it 
does for D.C. resistance measurements. In A.C. 
resistance measurements, or for any A.C. measure- 
ment with the bridge, the NULL meter reads zero 
oreuciiose’ toezero Lorvethe -bestenull.= Ttrisenot 
phase sensitive as it is in the D.C. resistance 
type measurements.) As the reading of the NULL 
meter approaches zero, increase the DETECTOR 
Gaimeandsprocecd!toeba lance ne bridge for the 
Descente Leit deeimpossiblestosgeét=ars good 
Nudie atheneuneceresiscance=s=under measurement 

will be found to be reactive. See the section 
of this Instruction Manual under "Special 
Measurements" for measurement of resistance 


with reactance. 


CAPACITANCE MEASUREMENTS 


Connect the unknown capacitor to the RCL terminals. 
Rotate the POWER switch to the A.C. position. 

turn the GENERATOR Level controi ayuut % to % way, 
clockwise. 

Turn, the DETECTOR switch to the EB position and 
rotate the DETECTOR gain clockwise, keeping the 
meter reading between 1 and 2 on the plus side 


of the scale. 


(5) Set the Q or D RANGE switch to positionsD*x tOl 
and rotate the Q or D BALANCE dial to position 1 
on -therscale. 

(6) Set the left-hand switch in the decade row of 
switches,to position 3) sandvalinotherrdiaisvin 
that row at zero. 

(7) Adjust first the RCL RANGE switch, then the left— - 
hand decade switch, then the Q or D BALANCE controls 
for the minimum reading on the NULL meter. [In 
general, proceed as in making A.C. resistance 
measurements. |-If more vor-less ‘sensitivityeor 
balance is needed, adjust the GENERATOR level 
controlvand/or: the DETBETOR gain controlsa nen 
proceed to obtain the best null balance. 

The best null balance will be found when the meter 

reads closest) tosazero, ‘itymayaebemnecessary (ry invoecer Cc 

get the best ‘null balance, to ‘set the @vonsDaeANGe gewitc 

to position Dox le cfr 10 is impossible Oop aoe ne celocss 
null when the D dial is rotated when the Q or D RANGE- switch 
is in either position, very possibly ithe ee ee LS snorted. 
An open capacitor would be indicated as a very low value of 
Capacitance, and very likely the dissipation factor would 

also be low. 

At times it is necessary to measure a capacitor with 

a dissipation factor lower than the range of measurement 
of the bridge. Such units may be easily measured by in- 
cluding a low non-inductive resistor in series.or a high 


value non-inductive resistor in parallel with the unit 


-10- 


under meaSurement. The proper value of the resistor 


may be determined by the formula: 
D= RWC 


Wheres Lome NomvaluemOTslhie rest Stor, GQ) to. cot, dlid 1s 
the capacitance of the unit under test. 

it will be noted that as the RCL RANGE switch is 
rotated, the decimal position will change automatically 
in the decade readout. When the bridge is balanced, the 
reading will be in picofarads, nanofarads, or microfarads, 
depending on the position of the RCL RANGE switch. 

NOG mo Vem LCOLanad, equals, One micoOrmicrondrad tone 
nanofarad equals 1,000 micro-microfarads. 

When measuring electrolytic capacitors, first read 
the section under "Special Measurements". 

As balance is approached, the GENERATOR level and A.C. 
DETECTOR gain controls should be readjusted as desired for 
Detect Oalance indication. (Note: [ne residual capacivance 
of the bridge must be subtracted from any low capacitance 
measurements. Residual capacitance is obtained by balancing 
the bridge as above with the capacitor removed from the 
UNKNOWN RCL binding posts and the binding posts screwed 
down. The residual capacitance of the bridge will be 
less than 1 picofarad. 

When making extremely low capacitance measurements, 
or when making measurements of capacitance at some distance 
from the bridge, see the section in the Manual under "Special 


Measurements". 


-ll- 


INDUCTANCE MEASUREMENTS 


Note: To facilitate inductance measurements and to 


avoid making possible errors, first read the Paragraph 


entitled "General Theory of Bridge Operation". 


cae 


ee, 


oy 


(4) 


C2 


(6) 


eye 


Connect the unknown inductor to the UNKNOWN RCL 
terminals. 

Rotate the POWER, switch to the A.C. positions 
Rotate the GENERATOR: switeh to the Ike position; 
and turn the GENERATOR level control about 4 of: 
the way, clockwise. 

Turn the detector switch to the A.C. position 
and rotate the detector gain clockwise, keeping 
the meter reading below 2 on the plus side of 
the scale. 

set the Q or D\ RANGE dial “to position) > xeieas 
read on the D seale. The Q or D BALANCEVdial 
should be set to about 1 on rine D scale (this 
setting applies to inductors with a Q of less 
than 10) for initial balance... “If the Getic 
greater than 10, set the Q or D RANGE dial 

to, O¢x, 1 on the .Ovecaie, 

Set the left-hand switch in the decade row of 
Switches to position 3, with all the other dials 
in that row at zero. 

Adjust first the RCL RANGE switch, then adjust 
the left-hand decade switch, then the Q or D 
BALANCE control for the minimum reading on the 


NULL meter. In general, proceed as for measuring 


eh ae 


(8) 


ASC. resistance or capacitance. If more or less 
sensitivity of balance is needed, adjust the 
GENERATOR level control and/or the DETECTOR 

gain control, then proceed to obtain the best 
null balance. The best null will be found when 
the meter reads closest to zero. 

When measuring capacitors or inductors it will 
be noted that the Q or D dial adjustment and the 
readout adjustment will inter-act if the usual 
PLOCCQUre Ofead jis tangetinsteone control, then 
the other, is followed. This condition is known 
as "sliding balance" and is common to both the 
Hay and Maxwell impedance bridges. When Q is 
high there is no sliding balance because vector- 
ally the effects of L and Q are perpendicular to 
each other and thus the ability to get a null is 
greatly improved. The best procedure to follow 
in order to permit rapid and accurate low Q 
measurements is to set the Q dial to its maximum 
position, then adjust the L readout dial so that 
the detector reads a minimum. Then alternately 
set the Q dial for a minimum on the detector. 
Teas Ometiiennover aa smal | amount, and reset 
for a minimum, then reset Q for a minimum and 
observe whether this new reading is better or 
worse than the previous one. If it is better, 
move the L readout another small amount in the 


in the same direction. If it is worse, try the 
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other direction. By continuing to move the L 

readout in small steps in one direction only 

while setting the Q dial for a minimum reading 

on the detector a point will be reached where 

the detector signal reaches a true null and 

moving the L readout dials will then make the 

condition worse. The true null reading when 

this practice is followed will permit rapid 

and accurate measurements of very low Q 

inductance; however, remember that when Q 

and L are zero the generator of the bridge 

is shorted out and no reading on the NULL 

meter is observed. 

The effective inductance of! certain colls will 
change with the excitation voltage; therefore, it is 
desirable to use the minimum GENERATOR level compatible 
with the required accuracy of measurement. On some meas-— 
urements the Q or D BALANCE control will be extremely sharp 
in adjustment, and it is necessary to adjust slowly in order 
LO ;Geul the best. nea 
An inductance of high value will occasionally have 

sufficient shunt capacitance to become resonant near the 
1 kc operating frequency of the bridge. This condition, 
of course, prevents accurate measurement of the inductance. 
Therefore, it is necessary to use an external A.C. generator 
and detector operating at a frequency of 100 cycles in order 


to accurately measure such inductance. 


-|4- 


The bridge measures either series or parallel induc- 
tance, depending on the Q of the inductor under measurement. 
If the inductor under test is open, it will be impossible 
to obtain a null balance. An open inductor will usually 
measure as the equivalent of a low value capacitor. An 
inductor with shorted turns will usually have associated 
with it a very be Q. 

When checking the bridge against Standards, it is 
always desirable to know the type of measurement against 
which the standard has been certified, as there is a 1% 
difference between series and parallel inductance measure- 
ments. For more: antormation, see SECTION IV —=Inductance 


Bridge Circuits. 
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SECTION III - SPECIAL MEASUREMENTS 


USE OF EXTERNAL A.C. GENERATOR 

An external A.C. generator or audio oscillator may be 
connected to the bridge for. making A.C. resistance, Ccapaci- 
tance and inductance measurements at frequencies other than 
1 kc. The maximum power from the generator into the bridge 
must not exceed 1 watt. To use an external A.C. generator 
with the bridge, proceed as follows: 

(1) Connect the generator to the EXTERNAL GENERATOR 
binding posts through a suitably shielded bridge 
transformer to avoid errors. 

(2) Connect the shield of the transformer to the 
generator ground. 

(3) Rotate the bridge GENERATOR switch to EXTERNAL. 
Note: High capacitance to ground will appear 
across the A.C. generator power transformer and 
then back through the bridge power transformer 
through the A.C. power line. If a shielded 
bridge transformer is not used, errors will 


result. 


EXTERNAL A.C. NULL DETECTOR 

When using the bridge at any frequency other than 1 ke 
it is necessary to connect an external A.C. null detector 
to the EXTERNAL DETECTOR binding posts. The DETECTOR 
switch is rotated to EXTERNAL. The EXTERNAL A.C. NULL 
detector must have a sensitivity in the order of 10 micro- 


volts in order to be most effective. 


MEASUREMENT OF A.C. RESISTANCE WITH REACTANCE 

To obtain a sharp null when measuring resistors having 
appreciable reactance, an external calibrated variable capaci- 
tor may be used with the bridge as follows: 

(1) Connect the resistor to the UNKNOWN RCL binding 
DOStS. 

(2 Setup ae bridge for use with an external A.C. 
generator and null detector. 

(3) Connect the calibrated capacitor between the 
EXTERNAL DETECTOR G binding post and the EXTERNAL 
GENERATOR binding post next to the D.C. BIAS 
terminals. 

(4) Balance the bridge in the usual manner for A.C. 
resistance measurements. When null is approached, 
vary the external capacitor to increase the null 
sensitivity. If a completely sharp null is ob- 
tained, the resistor is inductive and the Q may 


be computed from the equation: 


OF seco tre t Re 
Where f is the frequency of the external generator, 
Ris 1 kilohm, and C is the capacitance of the 
external variable capacitor at balance, indicated 
in microfarads. 

(5) If a sharp null cannot be obtained, the resistor 
may be capacitive, in which case connect the 
external variable capacitor between the left-hand 
UNKNOWN RCL binding post and the left-hand EXTERNAL 


GENERATOR binding post. 


it) — 


(6) Balance the bridge in the usual manner. If the 
resistor has some capacitive reactance, »+the null 
sensitivity will be increased by varying the 
external Capacitor. The Q or D of the resistor 


may be calculated as follows: 


Q 2T £RC 


IS £2 Se 1 
Dues 


Qi) 2a eee 
Where f is the frequency of the EXTERNAL GENERATOR 
in kilocycles, R is the value in kilohms of the 
ratio arm resistor in use for the particular range 
selected. C is the capacitance of the external 
variable capacitor at balance in microfarads. 


See Table 1 for the value of the ratio arm 


resistor selected. 
RESONANT FREQUENCY OF A TUNED CIRCUIT 

The resonant frequency of a series or parallel LC 

combination may be determined using the bridge and an 
external A.C. Benenson and detector up to a frequency 
of approximately 20 kc's. Proceed as follows: 

(1) Connect the LC combination to the UNKNOWN RCL 
binding post. 

(2) Connect a variable frequency A.C. generator to 
the bridge through a suitably shielded coupling 
transformer. 

(3) Turn the bridge generator switch to EXTERNAL. 

(4) Connect a suitable null detector to the EXTERNAL 
DETECTOR binding posts and rotate the DETECTOR 


Switch to EXTERNAL. 
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(5) Obtain a null by varying the generator frequency, 
the RCL RANGE knob in the resistance mode, and the 
readout dials of the bridge. The generator frequency 
when a null occurs is the resonant frequency of the 


Ler combinacion. 


MEASUREMENT OF AN UNKNOWN IMPEDANCE OR BLACK BOX 

(1) Connect the unknown to the RCL binding posts, and 
measure for A.C. resistance. 

(2) If a balance is obtained, measure again for D.C. 
resistance. If a balance is obtained at approx- 
imately the same reading as for A.C. resistance, 
the unknown impedance is a resistor. If a much 
lower D.C. resistance is obtained than the A.C. 
besistance,~.the Unknown: stSeaneinductor 4 ,elf-no 
D.C. resistance is obtained, the unknown is a 


capacitor. 


MEASUREMENT OF 3-TERMINAL CAPACITANCE 
(1) Occasionally it is necessary to measure a 

capacitance that is shunted by stray capacitances, 

SUG as -litcro terminal "Capacrcor in Pig. I Cy 
is the direct capacitance to be measured, and Cr 
and C. are stray capacitances whose effects are 
to be eliminated from the measurement. To meas- 
ure thesdirect capacitance, connect the third 
Bermindal OtmuilemeanacitorectoOmtne G binding post 
of the EXTERNAL DETECTOR terminals.. Fig. 2 shows 
the resulting bridge connection. C, shunts the 


A 
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Cop. 


detector circuit, causing a significant reduction 
of detector sensitivity only if the capacitance 
is very large. C, shunts the D rheostat and the 


standard capacitor, C aie Cy 5 Small vite 


g° 
effect can be neglected and the ratio arm read- 
ing may be used directly. A value of 50 pico- 
farads across the standard Co will cause the 
bridge to read about ~05% low. 

Et C. is too large to neglect, the bridge reading 
may be multiplied by a correction factor to obtain 


the actual value of Cy To calculate Cy use the 


formula: 


arr 
Br tok CaO OOmEE 


Where Cy is the actual capacitance, R is the range 

arm reading in ohms. See Table l. Cp is the 
estimated shunt capacitance in picofarads. ~ 100,000 pf 
is the size of the standard capacitor in the: bridge. 
Le Ca cannot be estimated, Cy may still be calculated 
by taking one additional reading with a capacitor of 
known value that is large, or larger than Cy placed 


in parallel with Cye The capacitor should not add 


Significantly to the Cp: Use the formula: 


c 
x 
© = R ee re oe ET 
X Bi L Ro a Ry | 


Where Cy is the actual capacitance, R, is the range 


vi 


arm, Cy is the value of the capacitor placed in 


parallel with Cys Rs is the range arm reading with 


ge Ge 


Cy and Cy in parallel. 
(4) A 3-terminal capacitance may be easily devised 
to make meaSurements of capacitance at considerable 
distance from the bridge. This is accomplished by 
using low capacitance shielded leads and connecting 
Biemsilelds stomtie ‘gqnoundebinding posit ofthe 
EXTERNAL DETECTOR. If necessary, the foregoing 


formulas may be used if the capacity of the leads 


iS consilderanmler 


Arh lon elONROrMs Oo PALO CAPACLTORS 

Certain types of Capacitors require a polarizing voltage 
when being measured. As an example, tantalum and electro- 
lytic capacitors may give erroneous readings on the bridge, 
or may even be damaged by the reverse polarity half cycle 
of the bridge generator frequency. This precaution need 
not be observed if the A.C. voltage from the generator is 
kept below about 4 volt across the capacitor under test. 
However, it is usually advisable to apply a D.C. voltage 
comparable to the rating of the device under test when 
measuring any polarized capacitor. Up to 600 volts of 
D.C. bias may be applied to the unknown capacitor. See 


Pel Gee ot Ore Connect Tons. 


WARNING: Charged capacitors form a shock hazard, and 
care Should be taken to insure personal SaLeuy during 


measurement. 
The external D.C. supply used during these measure- 


ments should also be carefully handled. 


<= 


One side of the bridge detector is grounded; therefore, 


it is impossible to use a D.C. power supply or D.C. source 
that has one side grounded. A grounded supply would short 
out one arm of the bridge. 

The best type of power supply to use for measurements 
such as described would be a well insulated battery pack. 
It is necessary to limit the power that may be drawn from 
the external D.C. bias supply to 4 watt in order to protect 
the bridge components in case the unknown capacitor is short 


clArcwLveeds. 


APPLICATION OF DIRECT CURRENT TO INDUCTORS 
Direct current may be applied to inductors so that 
incremental inductance measurements may be made. The D.C. 


power supply is connected to the BIAS terminals of the © 


bridge in accordance with Fig. 4. The maximum current 

usable in this measurement is limited to that given in 

Table 2. <A grounded D.C. source cannot be used because 

one of the bridge detector terminals is grounded. A well 
insulated battery is the recommended D.C. source, as most 
line operated D.C. power supplies have high capacity to 

the A.C. power line. This high capacity could fall across 
one of the bridge arms, thus causing large errors in measure- 


ment. 


CAUTION: The external D.C. Supply used during these 
measurements should be carefully handled _ so as to insure 
personal safety and prevent damage to the bridge or equip- 


ment under test. t 
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APPLICATION OF D.C. BIAS WHEN MEASURING A.C. RESISTANCE 

| Various types of non linear resistive devices, such as 
diodes, thermistors, and varistors are best measured with a 
D.C. bias voltage applied in order to determine the small 
A.C. Signal resistance. For thermally sensitive units the 


A.C. resistance of these is essentially equal to the D.c. 


resistance as long as the time constant is much greater 


than the period of the A.C. signal. For voltage sensitive 
elements such as diodes and varistors the A.C. resistance 
isvessentially the slow of the’ D.c. voltage current curve. 
See Fig. 5 for the proper connections of the bias voltage 
in order to make these measurements. 

The current to the bridge must be limited to that 
given in Table 2 in order to prevent damage to the bridge 
arms. The current in the device under test is equal to 
the current supplied through the D.C. BIAS terminals 


multiplied by 


the value of Ry and Re for any range is available in 
maples lt. 
A well insulated battery should be used as the source 


TOLD Chess) 7c. owas. 


WARNING: Care must be used in making such measurements 
SO_asS not to damage the device under test or the bridge. 


CONTROL OF VOLTAGE ACROSS UNKNOWN RESISTOR 
ee Ee ee 


Quite often it is desirable to measure a resistor and 


minimize the voltage across this unknown resistor. With 


a 


the conventional impedance bridge or wheatstone bridge this 
is quite difficult in that there is no method of .varying 
the voltage across the bridge arms. However, with the 312-A 
Impedance Bridge all that is necessary is to. connect, .4..suit— 
able decade box across the BIAS terminals of the bridge after 
disconnecting the shorting link. The BIAS terminals are in 
series with the bridge power supply; therefore, it is Lye 
sible.to control :the .current through sthe bridge arnrms j,and 
in this manner effect a voltage across the device under 
measurement. 
MEASUREMENT OF DISSIPATION FACTOR (D) AND 
STORAGE FACTOR (Q) AT FREQUENCIES OTHER THAN 1 ke 

The resistance required for other frequencies or dissi- 


pation factor ranges may be derived from the formula: 


R(k ohm) = Sere For calculating the proper resistance 
necessary for determining storage factor at other frequencies, 
use the formula: R(k ohms) = ee The Q or D RANGE dial 


must be rotated to position Ext.) D@ and the shorting slink 
between the External Q or D RHEOSTAT binding posts dis- 
connected to permit connection of the external variable 


resistor. 


EXTERNAL CAPACITANCE STANDARD 

Rotating the Q or D RANGE switch to position Ext. aG 
permits the connection of an external capacitance standard 
to the External Q or D RHEOSTAT binding posts. The necessary 
Q and D BALANCE rheostat must be connected with this external 


Standard capacitor to provide the proper readings. 
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GENERAL THEORY OF BRIDGE OPERATION 
A bridge is an arrangement of impedances for the 
measurement of various electrical properties. The basic 


EOUM sete CONS Stor OumrOUL eles) Stance@armsanqk Nees 


xX? 
SnCea ee NeeLaCtOnOtm Licata diQmo Lestotdnicese lS ad justanle 
Borthat the variable resistor, N, serves as a standard. in 
measuring a wide range of resistor values. All four resist- 
ances are connected in series parallel to a supply or battery 


between the junctions of the R, and N and the A and B arms. 


X 


Whenwthe VolbagemoropwacrOossvarmeny, equals *the drop: across 


X 
arm N, and the voltage drop-across arm A equals the drop 
Gcross Armas eniomecurrenunt lows ecnrough ehemdetectror and 
the bridge is considered to be balanced. 


This condition of balance may be expressed by the 


formula: 


ByesiUScLeUCaOmeo Dae. LOY ndvcLrOnmmsOLeCapacitoL— 
resistor combinations in series or in parallel for the 
bridge resistors, the bridge may be used to measure A.C. 
resistance, capacitance, inductance, dissipation factor 
and storage factor. Selection of these various bridge 
combinations for the 312-A Impedance Bridge is made by 
turning the RCL RANGE Knob. The ratio arms of the bridge 
are also controlled by this knob, and are automatically 


selected as the mode of operation or the position of the 
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decimal point is changed. When making A.C. measurements 
of inductance or capacitance, it is necessary to adjust 
the RCL RANGE, the Q or D BALANCE and the readout dials 
in order to obtain a null. The bridge is considered bal- 


anced when the lowest null reading is obtained. 


DESCRIPTION OF THE BRIDGE CIRCUITS USED 


WHEATSTONE RESISTANCE BRIDGE CIRCUIT 

The Wheatstone Resistance Bridge is used to make A.C. 
and D.C. resistance measurements. The circuit is arranged 
as shown in Fig. 5. This circuit arrangement is obtained 
by setting the RCL RANGE knob to any ohm, kilohm, or megohm 
position. The basic equation of balance for the Wheatstone 


Resistance Bridge is: 


Ras Ru and Ry are calibrated to make the bridge direct 
reading. When the bridge is used for making A.C. resistance 
measurements, errors are introduced by the small residual 
capacitances and inductances associated with ene bridge 
arms and the unknown. Generally, the residual inductance 
effects are negligible, but the residual capacitance effects 
may introduce errors in high impedance measurements. 

Fige 9 shows the Wheatstone Resistance Bridge with 
residual capacitances associated with the bridge arms. The 
complete balance equation for this A.C. resistance bridge is: 

ee “AN rae nN $iGae stay yy | 
(1 + O govias An ar Qy 
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Where the terms within the bracket represent a correction 
factor to be applied to the reading to obtain the true value 
of the unknown resistance. 

This type of measurement will have an associated "Q". 
The Storage Factor balance. equation is: 


Oye AED Qn Qn? a age 


Q, = —= 

X « LEE Q, (Qy + Q,) = Qn Qy) 
The value of Ry is to be determined from the setting of the 
RCL RANGE dial and the decimal position. The value of Ru is 


the reading of the readout dial multiplied by 1000 ohms. 
The value of Cy is approximately 7 picofarads. The value 
ORE Cu is approximately 20 picofarads when the internal 
generator is used. 


Qn may be determined as outlined under "Measurement 


of A.C. Resistance with Reactance", 


CAPACITANCE BRIDGE CIRCUIT 

The capacitance bridge is used for measuring the 
Capacitance and dissipation factor of capacitors. The 
CALCULUS sdrrangedsas ssnown in fig. 6. 

This circuit arrangement is obtained by setting the 
RCL RANGE dial to any position indicating microfarads, 
nanofarads, or picofarads. The Q or D RANGE switch should 
aLSOSUCRSe CUAL OR Amal eOle exe oli hes basic eduatdon,of 


balance of the capacitance bridge is: 


and Desa seks 


Where Rus Ray Cp and R, are calibrated to make the bridge 


me ee 


direct reading. However, errors are introduced by the small 
residual inductances and capacitances associated with the 
bridge arms. Generally, the residual inductance effects 
are negligible, but the residual capacitance effects may 
introduce some errors when the capacitance being measured 
is small. 

Fig. 10 shows the residual capacitances associated with 
the bridge. The complete balance equation for the bridge 


CSLrewt-sis: 


2 
ee he SNe soe 
ve BR, L 2 + Dy (Q, - Qy) + Q, Qy 


Where the terms within the bracket represent a correction 
factor to be applied to the readings to obtain the true value 
for C unknown. 


The dissipation factor balance equation is: 
Dz + Qy = Q lea ere Lae 


eee B A No ig 
Xx 1 + D. (Q, oT Qy? + Qn Qy 
In both equations 
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Cy is approximately 7 picofarads and Cy is approximately 


20 picofarads. 


INDUCTANCE BRIDGE CIRCUITS 

The Maxwell Inductance Bridge is used for measuring 
inductances with storage factors below 10. The circuit is 
arranged as shown in Fig. 7. 

This circuit arrangement is obtained by setting the 


RCL RANGE control to any henry, millihenry or microhenry 


oe ere 


readouu, iahcecurningetne.,O ore DURANCE knobsto,Q x 1, D.scale. 


The balance equation for the Maxwell Inductance Bridge is: 


ie RPE R- SS and Q. = Q 


Where R R Copand Qn are calibrated to make the bridge 


AdeaNa. 4B 
direct reading. However, errors are introduced by the small 
residual inductances and capacitances associated with the 
bridge ee 

Generally, the residual inductance effects are neg- 
pigible,sbuescne residuals capacitance effects may intro-— 
duce errors when the inductance being measured is above 
10 henrys. 

Fig. 11 shows the Maxwell Inductance Bridge with the 
residual capacitances associated with the various bridge 


arms. The complete balance equation for series inductance 


measured by this bridge is: 


1 - Q,/Qn os Qy/Qn = Qn Qy 
Ly Bi aa Ry Cp 2 9) 
(1 + Qn ) (1 + Qy ) 


Where the terms within the bracket represent the correction 
factor to be applied to the reading to obtain the true value 
of the unknown inductance. 


The storage factor balance equation is: 


anid Qe te Qn Qy7) oe Qn re Qn 
x 1+ Q, (Q, + Qn? — Q, A& 
In both equations Qn equals Ry Ww Cas Qn = Ry W Cys 


where Cy is approximately 7 picofarads, and Cy Gs approx— 


imately 20 picofarads. 


Oe 


The Hay Inductance Bridge is used for measuring 
inductances with storage factors between 10 and 1000. 

The-circuit arrangement dseshown un -eige oy and is 
obtained by setting the RCL RANGE control for any henry, 
millihenry, or microhenry range, and the Q or D RANGE 
control to Q x 1, Q scale. The basic equation of balance 


for the Hay Inductance Bridge is: 


Where Rag Rus Ce and Qn are calibrated to make the bridge 
direct reading. 

However, errors are introduced by the small residual 
inductances and capacitances associated with the bridge 
arms. Generally, the residual inductances are negligible, 
but the residual capacitance effects may introduce errors 
when the inductor being measured is above 10 henrys. 

Fig. 12 shows the Hay Inductance Bridge with the 
residual capacitances associated with the various bridge 
arms. The complete balance equation for parallel inductance 
measured by this bridge is: 

iar Q,/Qn a Qy/Qn a Qn Qy ] 
(1 nit aie) (1 + cee) 
Where the terms bracketed, in order of their importance, 
represent correction factors to be applied to the reading 


to obtain the true value of L unknown. 
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The storage factor balance equation is: 
one Gn — Q, Qy) = Qn Qn 


Pip gees Bie 2 CAN EN TG SAL ENG 
Xx 1 + Qn (Q, + Qn? = Qn Qy 
In both equations 
= J = 
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Where Cy is. approximately 7 picofarads and Cy 

apajreeeutin tue 2OMpicofarads. | 
The equation relating the Maxwell and the Hay Bridge 

methods of measurement, or the series inductance Le as 


compared to the parallel inductance L, measurements is: 


P 
1 + Q? 
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DISCUSSION OF RESIDUAL IMPEDANCES 

GENERAL - The causes of residual inductance, capacitance, 
and resistance must be considered in any bridge circuit be- 
cause no impedance element, however, carefully constructed, 
is free from residual impedances. Inductors have associated 
resistance and shunt capacitance, resistors have series 
inductance and shunt capacitance, and even air capacitors 
have series resistive and inductive residual impedances. 

ELOsmose LOG se viuandel- Show. cnemsmosi si qoniticant 
residuals in the Wheatstone Resistance Bridge, the capaci- 
tance bridge, and the Maxwell and Hay Inductance Bridges. 
The measured residuals and complete balance equations are 
given in the preceding paragraph. From these, should the 
precision of measurement demand, the percentage of error due 


to residuals can be recognized, computed, and corrections made. 
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RESIDUAL IMPEDANCES IN RESISTORS - Every resistor 
contains residual components of capacitance and inductance. 
The magnitude of these components is determined by the type 
and construction of the resistor. Residuals can be balanced 
at only one frequency: at higher or lower frequencies the 
capacitance or inductance error predominates. Capacitance 
and inductance effects are undesirable, especially in 
precision resistors, and many methods of construction are 
employed to reduce residual impedances. 

Fig. 13A shows how residuals are usually associated 
with a resistor. 

(1) Capacitance exists between adjacent turns of wire 
in a resistor. A resistor containing many turns of fine 
wire has considerable capacitance between turns. When 
direct current is applied, the residual capacitance (Cp) 
does not affect the true ohmic value (R) of the resistor 
except by loss through insulation. If an alternating 
current is applied, however, energy flows through the 
parallel path offered by the capacitance between turns, 
and the impedance (Z,) of" che resistor As changed. 

(2) Inductance (Le) is an equally important residual 
found in resistors. The amount of inductance is influenced 
by the type of construction of the resistor. Residual 
inductance is caused primarily by winding methods that do 
not cancel magnetic fields set up by the’ loops or coils of 
wire in the resistor. The effective impedance (Z) of the 
resistor is increased with an increase in inductance or 


frequency. 
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(3) The 312-A Impedance bridge does not contain direct 
methods for measuring residual impedances in an unknown 
resistor. Such measurements may be made as outlined under 
"Measurements of A.C. Resistance with Reactance". 

RESIDUAL IMPEDANCES IN CAPACITORS - Residual impedance 
components of inductance and resistance are associated with 
all capacitors. 

(1) Inductance is introduced principally by the leads, 
frame, plate construction, and method of winding or stacking 
the plates. Tcnerce losses, which are usually low and 
apparent only at high frequencies, will not be discussed 
mere. 

(2) The resistance component is made up primarily of 
leakage or losses in the capacitor dielectric. Included in 
this loss is dielectric absorption, which is caused by im- 
periect, insulation." Dielectric absorption is the inability 
of a capacitor to release its total charge when subjected 
POnC) GELG Changes andsd’senandge was vin laneA Com circuit. 

Ohmic resistance of leads and plates also contributes some 
loss. 

(3) All the residual impedances together contribute 
touthe dissipationeeactors (DJ) jot arcapacttor 9 A. capacitor 
with residual impedances may be represented as a perfect 
capacitor (Cy) (no losses) in series with a resistance (Rg) 
(Fig. 13D). (D) is the ratio of series resistance to series 
reactance (Rg /X,) and varies with the;losses. In Fig.. 13E 
(D) is the cotangent of the angle ® (angular phase displacement). 


Sometimes capacitor losses are called pf (power factor), 
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which is the cosine of the angle 8, and differs from (D) 
by less than 1 percent for dissipation factors Tess’ than 0 1. 

(4) When the impedance bridge is set up to measure 
Capacitance, the unknown is compared with standard capacitor 
C36in *the bridge (fig. 14)0) Capacitor Cages connected in 
series with variable resistor R85 or R86 (depending on the 
setting of the Q or D RANGE switch). The small resistance 
losses in capacitor C36 are considered when resistor R85 or 
R86 is calibrated. As the bridge is balanced, the resistance 
of R85 or R86 is increased or decreased by rotating the Q-D 
dial until, at balance, its resistance is equal to the 
equivalent loss resistance of the unknown capacitor. Thus, 
the reading of thefO-D diab ts ardarect tindvcation wor 
resistance losses in the unknown capacitor under test. 

The Q-D ‘dial is -calibnpated, “in 3p) values’ from*0.00) “to 2.0. 
The higher the Q-D dial reading, the greater the losses in 
the unknown capacitor. 

RESIDUAL IMPEDANCES IN INDUCTORS - The first-order 
residual impedances found in an inductor are series re- 
Sistance and parallel capacitance (Fig. 13C). 

(1) Resistance in an air core inductor consists prin- 
Ccipally of series resistance of the wire and parallel losses 
in insulation of the wire or sealing compound. [In an iron 
core inductor further losses are introduced by eddy current 
and hysteresis losses in the core iron. Residual capacitance 
is made up primarily by the capacitance between adjacent turns 
in the winding, and capacitance between the winding and the 


COLES s 


—34- 


Z 


(2) In an inductor, the effect of residual impedances 
may be represented as a resistor (R,) in series with an 
inductor (Le), and a capacitor (Cp) in parallel with the 
Rg and L, eombination (Fig.,13¢).. 

(3) The combined residual losses determine the storage 
Pac lom OU) Onethey nductoOn:. (0) 15. cne Pati0o,oOF the series 
reactance to series resistance (X,/Rg)- inishigy-l3Bsthe 
(Q). of an inductor is shown as the tangent of the angle. 
(Tangent @ = side opposite/side adjacent = reactance (X) Vi 
resistance (Ro); and is a direct indication of the quality 
of the inductor. The higher the (Q), the better the quality 
of the unknown inductor. 

(4) When the impedance bridge is set up to measure 
inductance, the inductor under test is compared to a 
Standard capacitoracs®S (Fig. 14). This comparison is 
possible in a bridge circuit because unlike reactarces 
may be compared if. their phase differences are considered 
and the bridge arms are arranged accordingly. Figure 14 
shows how this is done. Resistor R85 (Fig. 14) is connec- 
ted in parallel (depending on the setting of the Q-D RANGE 
Switch). witheceapacator C35 in the bridge circuit. When 
the bridge is balanced, resistor R84 or R85 is adjusted 
so that it is equivalent to the loss resistance of the 
unknown inductor under test. The O-D dial, which controls 
resistors R84 and R85, reads Q values soeectare: and is 


Galiprared from 0501) to, 1,000 to cover the required ‘ranges. 


-35- 


SECTION V - REPAIR AND CALIBRATION PROCEDURE 


TROUBLE LOCATION AND REPAIR 


SYMPTOM 


Bridge inoperative 


oye Lb) tar, 


measurements. 


PROBABLE CAUSE 


No power to bridge. 


EaULtY £ransi estore. 


No voltage on 
chopper drive 
lamp Nl 


No signal thru 
amplifier 


Open, shorted or 
defective bridge 
resistors. 


NULL meter. 


No voltage to 
amplifier board 
or bridge arms. 


D.C. Bias Jumper 
removed. 


Faulty Decade Rheo- 
stat R59 
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PROCEDURE 


Check A.C. power 
source and Fuse Fl 


Check Transistors 


Q2 thru: Q8 


Check output of 
Transformer Tl 


Check Pl and NIL 


Check Resistors R60 
thruak 


Check Meter M1 


Check Capecicarsnucc. 
C33 and C34 and Zener 


,Diode D8 and Diodes 


DASrchirig os. 


Replace D.¢@. Bias 
Jumper. 


Check for proper 
resistance and dirt 
On windings. Remove 
dirt with cotton swab 
and alcohol. 


TROUBLE LOCATION AND REPAIR 


» 


SYMPTOM PROBABLE CAUSE PROCEDURE 
Bridge inoperative / Faulty switches. Check all switches 
for D.C. measurements. for proper contacts 


and operation. 


Bridge inoperative for No A.C. voltage: to Check Transformer T2, 
Pee. resistance | bridge arms. Resistor R40, Trans- 
measurements. Lecors Uo) end» OO, 


Gapatirorss C26 meen. 
Ge 0Sandweo 1. SOA Oden Dat. 


D.C. Bias Jumper Replace D.C. Bias 
removed. Jumper 
Bridge inoperative See symptoms for Vestas, onclined §for 
Bore inductance jand Bt teh atalt NAG A Ae and 2 b.Gs 
Capacitance measure- measurements. inoperative symptoms. 
yy ments. 
} / 
Defective Q or D Check Standard Capaci= 
Rheostat or Standard |tor assembly C35-C36. 
PSS Ce Check Resistors R84, 
R85 and R86. 

Faulty switchess Check all switches 
for proper contacts 
and operation. 

Q-D Binding Post Replace Q-D Jumper. 

Jumper removed. 

Line fuse blows Defective filter. Check Capacitors C32, 
instantly when power C33 and C34. 


Use TUrnedauons 
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TROUBLE LOCATION AND REPAIR 


SYMPTOM 


Line fuse blows 
instantly when power 
Ls turned on. 


Unstable or incorrect 
Le en ee 1) LALOr 
frequency. 


PROBABLE CAUSE 


Defective rectifier 


Defective power 
transformer. 


Defective C30 


ROO? outwor 
adjustment. 
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Defective Zener Diode, 


Defective Q9 or Q10. 


| frequency. 


PROCEDURE 


Check Rectifiers 
D4, D5 and D7. 
D6 


Check Diode D8. 


Check windings for 
short) carer its sand 
check for shorted 
transformer leads. 
Replace if necessary. 


Replace if necessary. 


Replace if necessary. 


Connect..403B A.C. 
voltmeter. to D.C. 
BIAS terminals with 
link removed. Rotate 
GENERATOR Switch to 
1 ke and,..GENERATOR 
level to maximum. 
Adjust Resistor R50 
for meter.reading of 
4 volts. Cheek 
waveform. Connect 
Hes COUDTerEro. D.Ce 
BIAS terminals and 
measure..frequency. 


Capacitors €28, C29 
and Resistors R44 
and R45 control 

A defec- 
tive capacitor €30 
will also cause a 
frequency shift. 


we 


CALIBRAT 


ION EQUIPMENT 


The BECO 312-A Impedance Bridge is calibrated against 


wuandards traceable to the Us. 3. Bureau of Standards. 


The following equipment, or equal, is recommended 


usevin repair, recalibration or “nécertification of the 


Impedance Bridge: 


PREP RP RPP PEP ee 


el ee ee oe 


Hewlett 
Hewlett 
Hewlett 


Hewlett. 


Hewlett 


Leeds 
Leeds 
Leeds 
Leeds 
Leeds 
Leeds. 
Leeds 


RO RO RO RO RO RO Ro 


General 
General 
General 
General 


Packard 
Packard 
Packard 
Packard 
Packard 


HOGA EUp 
Northrup 
Northrup 
Northrup 
Northrup 
Northrup 
Northrup 


Radio 14 
Radio 14 
Radio 14 
Radio 14 


403B A.C. Voltmeter 

Sz Beh lectronic counter 
140A Oscilloscope, with 
1400A Differential Amplifier, 
1420A Time Base 


4020B 
4025B 
4030B 
4035B 
4040B 
4045B 
4050B 


Standard 
Standard 
Standard 
Standard 
Standard 
Standard 
Standard 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


O9L Standard Capacitor 
O9T Standard Capacitor 
82E Standard Inductor 
82N Standard Inductor 


BECO Model 308-A Wheatstone Resistance Bridge 


Simpson Model 260 Multimeter 


#6 and #8 Allen Head Wrench 


Screwdriver 


Phillips Screwdriver 


#8 Spintite Hex. Nut Driver 


Transistor lead heat sinks 


Small soldering iron 
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For 


and 


CALIBRATION PROCEDURE 


Calibration of the 312-A Impedance Bridge is made on a 


direct comparison basis against known Standards. 


D.C. CALIBRATION 


(1) 
(sa) 


(3) 


(4) 


ee. 


(6) 


Set up the bridge for D.C. resistance measurements. 
Connect a heavy copper strip between the RCL bind- 
ing posts and measure the D.C. residual resistance 
of the bridge. Record this measurement. 

Connect the 1 ohm Standard to the bridge through 
Short, heavy leads. If the leads are more than 

a total of 6".in length, or the wire smaller 

than #10 the lead resistance must be known and 
allowed for. 

Balance the bridge and record the reading after 
subtracting the residual bridge reading. 

Proceed as in above, using the 10 ohm Standard 

and the 100 ohm Standard resistors. 

Measure the remaining Standard resistors: 

1 kilohm, 10 kilohms, 100 kilohms and 1 megohm, 
although it is not necessary to deduct the 
residual resistance reading for these measure- 


ments. 


(7) Connect the decade resistor box to the bridge, 


and with all controls at zero on the decade 
resistor, measure the residual resistance of 


the decade resistor. Record this reading. 
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(8) Proceeding with the lowest value resistance on 
the decade box, measure each step, 1 through 9, 
with a corresponding dial on the 312-A bridge. 
Proceed through all readout dials on the 312-A 
bridge with this measurement. This will establish 
the accuracy and continuity of the readout dials. 
Remember to deduct the residual resistance from 


all readings below about 1000 ohms, if significant. 


CAPACITANCE CALIBRATION 

(1) Set the bridge as for measuring capacitance. 

(2) Measure the residual capacitance of the bridge 
and record the reading. 

(3) Connect a 1409L Standard capacitor to the bridge 
with a .l megohm 1% resistor in parallel. The 
leads must be as short as possible both to the 
capacitor and to the resistor. Deduct the re- 
Sidual capacitance from this reading and record. 
Calculate for the equivalent (D) and compare to 
the dial reading. 

(4) Connect the 1409T Standard capacitor to the bridge 
and measure as above. 

(5) If the readings are out of tolerance, replace 
trimmer capacitor €36 across Standard capacitor 


C35 with a trimmer of the proper value. 


INDUCTANCE CALIBRATION 
(1) Connect the 1482E Standard inductor to the bridge 


through short, heavy leads. Rotate the Q-D RANGE 
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dial to Q x 1 on D scale for measurement of series 
inductance. Balance for L and Q. Record the 
readings. 

(2) Connect the 1482N Standard inductor to the bridge 
through short, heavy leads. Rotate the Q-D RANGE 
switch to Q x 1 as read on the Q scale for parallel 
inductance. Balance the bridge for L and Q measure- 
ments. | 
NOTE: The Standard inductors have been measured as 
effective parallel inductances; however, the Stand- 
ards are calibrated in effective series inductance; 
therefore, the difference in the readings will be 
approximately 1% between the 1482E and the 1482N. 
Allowance must be made for this difference for 
certification purposes. 
see SECTION II and SECTION IV for inductance 


measurements. 


my 


ADDENDA TO D.C. RESISTANCE MEASUREMENTS 
AND 
D.C. CALIBRATION PROCEDURE 


When measuring resistors where chance exists for 
unusually high A.C. pickup, or when using long leads, or 
when working in an area of high fields, it will be necessary 
Soe Le Los he leads from stray pickup. Certain levels of 
stray pickup can cause discrepancies between ranges when 
measuring D.C. resistance. This is due to the coupling 
of these stray fields into the electronic null detector 
enthe bridge. 

When measuring certain types of resistors with metal 
enclosures, a great deal of capacitance may exist between 
the resistor and the enclosure, thus introducing hum pickup 
into the null detector circuit. 

It is important to ground the shield during such 


measurements. 
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RATIO RESISTOR VALUES FOR VARIOUS RCL RANGE SWITCH SETTINGS 


RCL RANGE DIAL RAT LOSER Ral STOR RATIO RESTSTOR 


AND DECIMAL POSITION ARM. 4A" ARM "Bp" 
0.0000 ohm 1 ohm kK obm 
00.000 ohm 10 ohms 1 K ohm 
000.00 ohm 100 ohms 1 K ohm 
0.0000 kilohm 1 kilohm 1 K ohm 
00.000 kilohm 10 kilohms TK Onm 
000.00 kilohm 100 kilohms eK sohm 
0.0000 megohm 1 megohm 1 K ohm 
000.00 microhenry 1 ohm 

0.0000 millihenry 10 ohms 

00.000 millihenry 100 ohms 

000.00 millihenry 1 kilohm 

0.0000 henry 10 kilohms 

00.000 henry 100 kilohms 

000.00 henry 1 megohm 

000.00 microfarad 1 ohm 

00.000 microfarad 10 ohms 

0.0000 microfarad 100 ohms 

000.00 nanofarad i kilohm 

00.000 nanofarad 10 kilohms 

0.0000 nanofarad 100 kilohms 

000.00 picofarad 1 megohm 


NOTE: Refer also to Table 2 and BaAgures 5, 65 


7 


& 


8. 


TABLE 2 


MAXIMUM CURRENT THROUGH BRIDGE RATIO ARMS 


RATIO RESTSTOR ARM-A" RATIO RESISTOR ARM "Bf" 


1 ohm Bt LOO Ma Oa el Vv 1 kilohm = 23 ma - 23 V 
10 ohms =(230 ma = 2.3 'V 1 kilohm = 23 ma - 23 V 
100 ohms Sy tae a ae Lee 1 kilohm = 23 ma - 23 V 
Liki lohm ss 23 ma ote ee Say 1 kilohm = 23 ma - 23 ¥V 
LO ‘kilohmsi= 7.l may, Loy 1 kilohm = 23 ma - 23 V 
100 kilohms = 2.3 ma - 230 Vv 1 kilohm = 23 ma - 23 V 
1 megohm = .25 ma - 250 V 1 kilohm’'= 23 ma - 23 V 


The decade dials, reading from left to right, have 


the following values: 


DIAL OMAN (OVCDY Uggs ae coined LOM Ss Lape . 
DIAL SBM ~ 0 thru 9 with £00 ohm steps. 
DIAL: "Cre 0 thru 9 owiehe Ovonmustepne. 


DIATA DD" SO iehnra 10S wilh On Le ohms. aps. 


The maximum current per step of DIAL "A" is 16 ma. 
The maximum current per step of DIAL "B" is 50 ma. 
The maximum current per step of DIAL "C" is 160 ma. 


The maximum current for DIAL "DY is 250 ma. 


NOTE: Refer also to Table 1 and Fig. 5. 
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Three Terminal Capacitor 
Figure | 


Cy | D Rheostat 
Cp 


Cr 
R 


INC. | 
: eadout 
As 


Three Terminal Capacitor Connected To Bridge 
Figure 2 
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Unit Under Test 


Unknown 


+. 


once 
Binding Posts 


Binding Posts 
Figure 3 
Unit Under Test 
4W 
Unknown 
RGIS 
Binding Posts 
_ Bias 
Binding Posts 
Figure 4 
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D.C. Resistance Figure 5 


Maxwell Inductance Figure _47- Hay Inductance Figure 8 


cei 


L Maxwell Bridge Figure Il_4g- L Hay Bridge Figure 12 


Ro L< 
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Cp ae 
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D. 
CG 
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Residual Impedances Figure I3 
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312A GENERATOR-I KC 
Fig. 18 
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BECO - 312-A IMPEDANCE BRIDGE REPLACEMENT PARTS 


Schematic Item No. 


BECO Part No. 


Description 


eapacrton., C7 20-6000 HOOMMEds 1c OV rr beG te. 
Sapacuton, «alc 20-6001 Osi ee le ve Lett. 
‘2 Giek lel Reber sets 20-6002 S Oar ae ve Lec. 
ONeistent sleperciy 1e shinee acy 20-6003 LORMi Chee. Wer leCt. 
erie 2A. 
Gapacwton, Lo 20-6004 SOtinely = Zan) Iai ayeter 
Bopect Corse Cones ..Cie 20-6005 2 Cm Malan cy ate es 
Bapacwuon, COU 20-6006 SOME bes Vier TeCt. 
@apactcor, Con 20-6007 ADEM Ek Se eels 
@anacieoneee2o 20-6008 20E rad 2 OV Elect. 
Sapacitore, coe, Coc, G34 20-6009 VOOOmME detec Wer LECT. 
@apecitops eel, Co 20=—9000 OSimnt de LOOveMy lar 
eApbecicere. elo, C20 20— 90 Of0U2Zameaee LOOV Mylar 
Capacitors; Ce, C-<4 20-9002 ess emideme lov My Par 
Sapacl tem, Glo 20-9003 OPUS Canis vaMy Lor 
Sabactitars,gocc, Gee 20-9004 Of 22emrdse oOVE My Lar 
Gapac .cOr, Co 20-9005 O2047=mtd samt UVely iar 
OANenietieteien (6 20-9008 omit dese U0VeMy Lar 
*Crandard Gapacitor, c35-C36" 21-1000 OSi Mids enomenss + 1% 
Mica 
Capac tors) C10 eC bone oF 21-1001 0. Olemid.wle Mica 
G14), CoS ma? o* 
ayhs i Bras 
Cavaciror, co. 1 21-1003 SLOSDE ao ae Maca. 
Choke wae. 22-0000 ye mh 
Photoasces 1... bP 22-1000 CE LOsCboeGLalrex 
DiLOdeS male aw 22-4000 IN91 
Paodestn 4.0005, DOs, 107 22-4001 IN2069 
Diode, D8 2a =A00e 1N4744A 


*Adjusted at factory. ot tia 


BECO —- 312-A IMPEDANCE BRIDGE REPLACEMENT PARTS 


Schematic Item No. 
Diode, Dl 
Neon Bulb 


Meter, Ml 


Resistor, R4 


Resa storms (h25 


Resistor, R40 


ReSisrol eens 


O-DsRheostar, RosAmre oo arRsSG 


Decade Rheostat, R59 
Resistor, R52 
REsistorsye Ros. hoe 
TRESTSLOLS kh hoo eh ow 
ReESiScor eno 
*Resistor, kos 


ReSistorsyyRS, RL4 


Resistors spud, Rosi sae eo 
RESistors,=RV, RLU RLGweron 


Resistors, REL, R1L/, Res 


RESTS COLDS. he ae ied. 


Resistors, Rls, iR2o soko 


Robs eo 
Resistor, R24 


Resistor, R34 


Resistors he were vamnaws 
R30 s R31, te 


Resistor, R25 
Resistor, R41 


*Supplied only with 
Battery Pack #312-2 


BECOMPart No. 


22-A003 
23-0000 


Ae 16 LONG, 


23-5000 


23-5001 


Pease 04,018 Ps 


Ao UUS 


23-7000 
23-7001 
25-0000 
25-0001 
25-0002 
25-0003 
25-0003 
25-0005 
25-0006 
25-0007 
25-0008 
25-0009 


gor OU. 


coy 
Coe 
25-0013 
25-0014 


Ps nel 818 Wb 
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Description 
IN34a 


NE2U 


100-0-100 MicroAmp 
Die 


90 K ohm, Gain Adj. 


30 K ohm, Meter Zero 
Adj. 


500 ohm, Gen. Level 


l Ke'Osec. Waveform 
Adis 


3-section rheostat 
10.5 ohm) 1%. iWeoe 
82.ohm, 2W," 10%) Cone 
47 ohm, 2W, 10% Comp. 
120:.ohm, 2W, 10% Compe 
68 ohm, 2W, ‘10%, Comes 


68iohm, 2W, 10%, Camas 


C 


> 


120 K ohm, %W, 5%, Comp. 


30 K ohm, 4W, 5%, sCompe 


20 K’ohm, 4W, 5%) ome 


4.7 K ohm, sW, 5%,eComom 


1.5 K ohm, 4W, 5%, Comp. 


1 K ohm, 4W, 5%, Compe 


39 K-ohm,"4W, 5%, 7 Come 


2.4 K ohm, 4W, 5%, Comp. 


10 K ohm, 4W, 5%, Con 


100 K ohm, %W, 5%, Comp. 


6.8,K ohm, *sW, 5% somone 


BECO - 312-A IMPEDANCE BRIDGE REPLACEMENT PARTS 


Schematic Item No. 


RESUS cOUS wh oi ano 
Reece cOGo me Aaah As 
Recs COS hIER age ROG 
Ross COU wan) 

Reo seOrs Ray RAO 
BES Stor.s Kas 
Res US TOM. NO gh o 
ReESTStor, R55 

Recto tOrs a Rad RAS 
Bes rotors,, WlLoeR2O 
Peewee OO mhealo 

Remo col. hoe 


mesa ston, K&S 


Wigcheeplichseiacy, VOM A@le ys 46 ONS 
ERT (Oi she JOT MO le @) 


Mmcns rs tot, 0c 
Beats Stor, O6 
Pechsrormer, 13 
Pranstormen, el 2 
Mmetisrommenr. Ll 1 
HUSe,;2snamp, m1 
Fuse, 4% amp, Fl 


Generator Switch 


Detector Switch 


Q=Deswicch 


Power Switch 


Decade switches 


BECO Part Noa. 


22-0016 
Ape iat SF! 
“aos OOS 
eS KAO NGML 
25-007 0 
25002) 
Zo Oe 
25-4000 
25-4001 
25-4002 
25-4003 
po OU GO 
2p OU OL 


2 fee GEO IORE. 


27-3002 
eH —3 01 
Zo UO 
(Bea SOLO 
7a (ai ONO1O 2 
SMebe een O10) 
Sees Oy 
een) 


See 2 OL 


Beans 


ye ahah OF! 


32=2805 
-58- 


Description 
J Omron a 1-oW. o>. COMP 


Zouye OM, a sWee bse COM . 

SON aco ee CoG OM 
AIK ohmr -sW5eco ue COMD . 
Cyt Volmuep ater, ste, Creliler 
LSO sonia Ww 45 Comp - 
SSOP Ohi, = 3N aoe COND. 
ORK SRON sa) a Vie ce may 
Breen Ke On, m3Wie. 1 do De 
EiGys! 16 olalinee 2A yk tele 
Die! Om OHM es Wiemmo a GC 
100 K ohm, 0.025%, MF 

Te MigOn Mee.) 2578 Me 


AN 2923 


2N3391A 

2N3404 

Power Transformer 

Output Transformer 
Chopper Drive Transf. 
SAG, for slZO7V operation 


SAG ToOneesOrV, Operation 


SWS pete se DAC GRD ow oakte, 
G, H 

Sw4 

My TRAE Ones ee Bhe tea aa. 
G, H, J 


